Community-acquired pneumonia is a leading infectious cause of hospitalization and death among U.S. adults. Incidence estimates of pneumonia confirmed radiographically and with the use of current laboratory diagnostic tests are needed.
n engl j med 373;5 nejm.org July 30, 2015
416
T h e ne w e ngl a nd jou r na l o f m e dicine P neumonia is a leading infectious cause of hospitalization and death among adults in the United States, 1,2 with medical costs exceeding $10 billion in 2011. 3 Routine administration of the pneumococcal conjugate vaccine in children has resulted in an overall reduction in the rate of invasive disease and pneumonia among adults, owing to herd immunity. [4] [5] [6] [7] [8] The last U.S. population-based incidence estimates of hospitalization due to community-acquired pneumonia were made in the 1990s, 9 before the availability of the pneumococcal conjugate vaccine and more sensitive molecular and antigen-based laboratory diagnostic tests. Thus, contemporary population-based etiologic studies involving U.S. adults with pneumonia are needed. [10] [11] [12] [13] The Centers for Disease Control and Prevention (CDC) Etiology of Pneumonia in the Community (EPIC) study was a prospective, multicenter, population-based, active surveillance study. Radiographic confirmation and extensive diagnostic methods were used to determine the incidence and microbiologic causes of community-acquired pneumonia requiring hospitalization among U.S. adults.
Me thods

Active Population-Based Surveillance
From January 1, 2010, to June 30, 2012, adults 18 years of age or older were enrolled at three hospitals in Chicago (John H. Stroger, Jr., Hospital of Cook County, Northwestern Memorial Hospital, and Rush University Medical Center) and at two in Nashville (University of Tennessee Health Science Center-Saint Thomas Health and Vanderbilt University Medical Center). We sought to enroll all eligible adults; therefore, trained staff screened adults for enrollment at least 18 hours per day, 7 days per week. Written informed consent was obtained from all the patients or their caregivers before enrollment. The study protocol was approved by the institutional review board at each participating institution and at the CDC. Weekly teleconferences, enrollment reports, data audits, and annual study-site visits were conducted to ensure uniform procedures among the study sites. Patients or their caregivers provided demographic and epidemiologic data, and medical charts were abstracted for clinical data. All the authors vouch for the accuracy and completeness of the data and analyses reported and for the fidelity of the study to the protocol. All the authors made the decision to submit the manuscript for publication.
Adults were eligible for enrollment if they were admitted to a study hospital on the basis of a clinical assessment by the treating clinician; resided in the study catchment area (see the Supplementary Appendix, available with the full text of this article at NEJM.org); had evidence of acute infection, defined as reported fever or chills, documented fever or hypothermia, leukocytosis or leukopenia, or new altered mental status; had evidence of an acute respiratory illness, defined as new cough or sputum production, chest pain, dyspnea, tachypnea, abnormal lung examination, or respiratory failure; and had evidence consistent with pneumonia as assessed by means of chest radiography by the clinical team within 48 hours before or after admission.
Patients were excluded if they had been hospitalized recently (<28 days for immunocompetent patients and <90 days for immunosuppressed patients), had been enrolled in the EPIC study within the previous 28 days, were functionally dependent nursing home residents, 14 or had a clear alternative diagnosis (see the Supplementary Appendix). Patients were also excluded if they had undergone tracheotomy, if they had a percutaneous endoscopic gastrostomy tube, if they had cystic fibrosis, if they had cancer with neutropenia, if they had received a solid-organ or hematopoietic stem-cell transplant within the previous 90 days, if they had active graft-versus-host disease or bronchiolitis obliterans, or if they had human immunodeficiency virus infection with a CD4 cell count of less than 200 per cubic millimeter. 10
Specimen Collection
Blood samples, acute-phase serum specimens, urine samples, and nasopharyngeal and oropharyngeal swabs were obtained from the patients as soon as possible after presentation (see the Supplementary Appendix). In the case of patients with a productive cough, sputum was obtained. Pleural fluid, endotracheal aspirates, and bronchoalveolar-lavage samples that had been obtained for clinical care were analyzed for the study. Only specimens obtained within 72 hours before or after admission were included, except for pleural fluid, which was included if it was obtained within 7 days after admission. Patients were Initial enrollment was based on the clinical interpretation of chest radiographs that were obtained at admission. Inclusion in the final study analyses required independent confirmation by a board-certified chest radiologist who reviewed all the chest radiographs and computed tomographic scans obtained within 48 hours before or after admission; these radiologists, who are coauthors of the study, were unaware of the clinical data. Radiographic evidence of pneumonia was defined as the presence of consolidation (a dense or fluffy opacity with or without air bronchograms), other infiltrate (linear and patchy alveolar or interstitial densities), or pleural effusion. 5, 15, 16 
Controls
From November 1, 2011, to June 30, 2012, a convenience sample of asymptomatic adults from the Nashville study catchment area who presented for nonacute care to a general medicine clinic at Vanderbilt University Medical Center was enrolled weekly. Nasopharyngeal and oropharyngeal swabs were obtained to assess the prevalence of respiratory pathogens among asymptomatic adults. Exclusion criteria were the same as those for the adults with pneumonia, except that controls were also excluded if they had fever or respiratory symptoms within 14 days before or after enrollment (on the basis of information obtained during a telephone interview) or had received live attenuated influenza vaccination within 7 days before enrollment.
Laboratory Testing
Bacterial culture was performed, with the use of standard techniques, on blood samples, pleural fluid, high-quality sputum samples and endotracheal aspirates, and quantified bronchoalveolarlavage specimens. 17, 18 A real-time polymerasechain-reaction (PCR) assay for legionella was performed on sputum regardless of the quality of the sample. 19, 20 PCR assays targeting Enterobacteriaceae, Haemophilus influenzae, pseudomonas, Staphylococcus aureus, Streptococcus anginosus, S. mitis, S. pneumoniae, and S. pyogenes were also performed on pleural fluid. [21] [22] [23] Urinary antigen testing was performed for the detection of Legionella pneumophila and S. pneumoniae (BinaxNOW, Alere). 20, 24 A PCR assay was performed on nasopharyngeal and oropharyngeal swabs with the use of CDC-developed methods for the detection of adenovirus; Chlamydophila pneumoniae; coronaviruses 229E, HKU1, NL63, and OC43; human metapneumovirus (HMPV); human rhinovirus; influenza A and B viruses; Mycoplasma pneumoniae; parain- CT denotes computed tomography. fluenza virus types 1, 2, and 3; and respiratory syncytial virus (RSV). 19, 25, 26 Serologic testing for adenovirus, HMPV, influenza A and B viruses, parainfluenza viruses, and RSV was performed on available paired acute-phase and convalescentphase serum specimens (see the Supplementary  Appendix) . [27] [28] [29] [30] [31] [32] The results of microbiologic testing that was conducted for clinical care, including testing for fungi or mycobacteria, were also obtained.
Pathogen Detection
A bacterial pathogen was determined to be present if gram-positive or gram-negative bacteria (except was detected in a nasopharyngeal or oropharyngeal swab by means of PCR assay or if a pathogen-specific antibody titer was increased by a factor of 4 or more between the acute-phase serum specimen and the convalescent-phase serum specimen for all viruses except human rhinovirus and coronaviruses. Fungal or mycobacterial detections were determined according to clinical guidelines (see the Supplementary Appendix).
Statistical Analysis
Annual incidence rates were calculated from July 1, 2010, to June 30, 2011, and from July 1, 2011, to June 30, 2012. The number of enrolled adults with radiographic evidence of pneumonia was adjusted, according to age group, for the proportion of eligible adults enrolled at each study site and for the estimated proportion of admissions of adults for pneumonia to study hospitals in the catchment area (i.e., the market share, which was based on discharge-diagnosis codes). The adjusted number was then divided by the U.S. Census population estimates in the catchment area for the corresponding year (see the Supplementary Appendix). 33 We calculated pathogen-specific incidence rates by multiplying the total incidence of pneumonia by the proportion of each pathogen detected among adults with radiographic evidence of pneumonia who had samples available for the * Race and ethnic group were self-reported. † Data were missing for three patients. ‡ Any underlying medical condition included chronic lung disease (asthma, chronic obstructive pulmonary disease, or obstructive sleep apnea), chronic heart disease (i.e., coronary artery disease or congestive heart failure, but not hypertension), immunosuppression (either due to chronic condition or medication, cancer [but not skin cancer], or human immunodeficiency virus [HIV] infection with a CD4 cell count of >200 per cubic millimeter), diabetes mellitus, chronic kidney disease (with or without dialysis), neurologic disorders (epilepsy, cerebral palsy, dementia, or history of stroke), chronic liver disease (hepatitis, cirrhosis, or hepatic failure), and splenectomy. The specific conditions that affected at least 25% of patients are listed here. Among the 685 patients with immunosuppression, 416 had nondermatologic cancer (but did not have neutropenia), 381 had immunosuppression due to a chronic condition or a medication, and 68 had HIV infection with a CD4 cell count of more than 200 per cubic millimeter. The groups were not mutually exclusive. § Data were based on verified vaccine information and not self-report. For influenza vaccine, the season was defined as September 1 through August 31 of the following year, and the percentage of patients vaccinated was based on the 1898 of 2320 adults (82%) for whom information was available. For pneumococcal polysaccharide vaccine, the percentage of patients vaccinated was based on 704 of 832 adults (85%) who were 65 years of age or older and had available information. For both vaccines, patients were considered to be vaccinated if they had received the vaccine at least 2 weeks before admission. Outpatient antibiotics were defined as those received within 5 days before admission. Inpatient antibiotics were defined as those received at any point during the hospitalization. ¶ The categories were not mutually exclusive and therefore do not sum to 100%. Only 23 adults (1%) had pleural effusion alone. Among all the patients with pleural effusion, 481 had unilateral pleural effusion, 232 had bilateral pleural effusion, and 1 had unknown status. Among the 853 patients in whom a pathogen was detected, 65% had consolidation, 38% had infiltrate, and 26% had pleural effusion. There were radiographic differences between the 530 patients who had only viruses detected and the 247 who had only bacteria detected with respect to consolidation (59% vs. 73%), infiltrate (42% vs. 31%), and pleural effusion (23% vs. 33%). ‖ The pneumonia severity index is a clinical prediction rule for mortality related to community-acquired pneumonia that is based on sex, age, nursing home status, mental status, heart rate, respiratory rate, blood pressure, temperature, selected underlying medical conditions, selected laboratory values, and the presence or absence of pleural effusion. 34 The index is divided into five classes, with higher class indicating greater risk. Class 1 to 3 indicates a low risk of death, class 4 moderate risk, and class 5 high risk. detection of both bacterial and viral pathogens. Bootstrap methods with 10,000 samples were used to calculate 95% confidence intervals.
R esult s
Study Population
Of 3634 eligible adults, 2488 (68%) were enrolled ( Fig. 1 ). As compared with persons who were eligible but not enrolled, the enrolled patients were significantly less likely to be 65 years of age or older and less likely to require invasive mechanical ventilation; in addition, a smaller proportion of the enrolled patients subsequently died (Table S1 in the Supplementary Appendix).
Of 2488 enrolled patients, 2320 (93%) had radiographic evidence of pneumonia (Fig. 1) . The median age of the patients with radiographic evidence of pneumonia was 57 years (interquartile range, 46 to 71) ( Table 1) , and the median length of hospital stay was 3 days (interquartile range, 2 to 6). A total of 498 patients (21%) required admission to the intensive care unit (ICU), 131 (6%) required invasive mechanical ventilation, and 52 (2%) died during hospitalization.
Detection of Pathogens
Nasopharyngeal and oropharyngeal swabs were obtained from 2272 of the 2320 adults (98%) with radiographic evidence of pneumonia, blood for culturing from 2103 (91%), a specimen for urinary antigen detection from 1973 (85%), a sputum specimen from 960 (41%) (of whom 272 had a high-quality specimen), paired serum specimens from 859 (37%), a bronchoalveolar-lavage specimen from 84 (4%), a pleural-fluid specimen from 78 (3%), and an endotracheal aspirate from 4 (<1%). Whereas 78% of the blood-culture specimens were obtained before the administration of antibiotic agents, 12% or less of other specimen types were obtained before the administration of antibiotics. Bacteria were detected significantly more frequently in blood cultures collected before the administration of antibiotics than in those collected after antibiotic use (7% vs. 3%, P = 0.002), but this was not true for other specimen types ( Table S2 in the Supplementary Appendix).
Diagnostic results for both bacteria and viruses were available for 2259 adults (97%) with radiographic evidence of pneumonia. A pathogen was detected in 853 of these patients (38%): one or more viruses were detected in 530 patients (23%), one or more bacteria in 247 (11%), both bacterial and viral pathogens in 59 (3%), and fungi or mycobacteria in 17 (1%) ( Fig. 2A) . The most common pathogens detected were human rhinovirus (in 9% of patients), influenza virus (in 6%), and S. pneumoniae (in 5%) ( Fig. 2A, and Tables S3,  S4 , and S5 in the Supplementary Appendix). HMPV, influenza A and B viruses, RSV, S. aureus, and S. pneumoniae had similar peaks during the winter seasons (Fig. 2B) . Three pathogens were detected more commonly in patients in the ICU than in patients not in the ICU: S. pneumoniae (8% vs. 4%), S. aureus (5% vs. 1%), and Enterobacteriaceae (3% vs. 1%) (P<0.001 for all comparisons) ( Table S6 in the Supplementary Appendix).
Among 262 controls, 6 (2%) were not available for follow-up and 18 (7%) were excluded from the analysis because of fever or respiratory symptoms after enrollment ( Table S7 in the Supplemen- tary Appendix). A pathogen was detected less frequently in nasopharyngeal and oropharyngeal swabs obtained from 238 asymptomatic controls than in swabs obtained from 192 patients with pneumonia who were enrolled during the same period in the same catchment area (2% vs. 27%, P<0.001); this was true for each pathogen indi-vidually, including human rhinovirus (1% vs. 11%, P<0.001).
Incidence
Among 2320 adults with radiographic evidence of pneumonia, 2061 (89%) were enrolled from July 1, 2010, to June 30, 2012. The annual incidence of community-acquired pneumonia requiring hospitalization was 24.8 cases (95% confidence interval, 23.5 to 26.1) per 10,000 adults. The incidence overall and for each pathogen increased with increasing age ( Table 2 ). The incidences of influenza and of S. pneumoniae were almost 5 times as high among adults 65 years of age or older than among younger adults, and the incidence of human rhinovirus was almost 10 times as high among adults 65 years of age or older than among younger adults ( Fig. 3 ).
Discussion
The EPIC study was a large, contemporary, prospective, population-based study of communityacquired pneumonia in hospitalized adults in the United States. The estimated incidences of hospitalization for pneumonia among adults 50 to 64 years of age, 65 to 79 years of age, and 80 years of age or older were approximately 4, 9, and 25 times as high, respectively, as the incidence among adults 18 to 49 years of age. Pathogens were detected in 38% of the patients, with viruses detected in 27% and bacteria in 14%. Human rhinovirus, influenza virus, and S. pneumoniae were the most commonly detected pathogens, with the highest burden occurring among older adults. The annual incidence of community-acquired pneumonia requiring hospitalization that we observed -24.8 cases per 10,000 adults -is similar to the incidence of 26.7 cases per 10,000 adults that was observed in a prospective study conducted in Ohio in 1991. 9 Methodologic differences in enrollment criteria, methodologic differences in incidence estimations, changes or differences in demographic characteristics, and changes in the provision of and access to health care preclude direct comparisons of incidence between the studies. 9, 10, 33 Our estimates are lower than the rates of pneumonia requiring hospitalization that are based on claims data, owing to our exclusion of recently hospitalized or severely immunocompromised patients and * Analyses were based on 10,511,911 person-years of observation. † Annual incidence rates were calculated from July 1, 2010, to June 30, 2011, for year 1 and from July 1, 2011, to June 30, 2012, for year 2 and represent the 2061 of 2320 adults (89%) who had radiographic evidence of pneumonia and were enrolled during that time. ‡ Pathogen-specific incidence was calculated for the 2004 adults who had radiographic evidence of pneumonia during the incidence period and who had at least one specimen available for both bacterial and viral testing. Pathogenspecific incidence was only calculated for pathogens that were detected in more than 1% of adults. the increased specificity of radiographic confirmation in our case definition. 1, 2, 6 Despite our efforts to use more sensitive and specific diagnostic methods than had been available previously, [11] [12] [13] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] pathogens were detected in only 38% of adults. Possible reasons for such few detections include an inability to obtain lower respiratory tract specimens, antibiotic use before specimen collection, insensitive diag-nostic tests for known pathogens, a lack of testing for other recognized pathogens (e.g., coxiella), unidentified pathogens, and possible noninfectious causes (e.g., aspiration pneumonitis). 10, 13, 35, 36 We may also have missed preceding microbiologic insults that triggered a subsequent hospitalization for pneumonia. Nevertheless, our pathogen-detection yield is within the range (20 to 76%) of the yield in other etiologic Circles indicate the annual number of hospitalizations for pneumonia per 10,000 adults, and the horizontal lines 95% confidence intervals. Rates are based on 10,511,911 person-years of observation. Note the differences in the scale of the x axis for the groups of patients 65 to 79 years of age and 80 years of age or older, as compared with the groups of patients 18 to 49 years of age and 50 to 64 years of age. studies of pneumonia in adults, although it is closer to the lower end of the range 9,37-43 and contrasts with the detection yield in the pediatric EPIC study, in which pathogens were detected in 81% of children who had been hospitalized with community-acquired pneumonia. 44 The low pathogen-detection yield among adults who were hospitalized for pneumonia highlights the need for more sensitive diagnostic methods and innovative discovery of pathogens. 45 Viruses were detected in 27% of the patients. Human rhinovirus was the most commonly detected virus in patients with pneumonia but was rarely detected in asymptomatic controls, a finding similar to that in other studies. 37, 46 Although our understanding of human rhinovirus remains incomplete, these data suggest a role for human rhinovirus in adult pneumonia. 35, 47 Influenza virus was the second most common pathogen detected, despite mild influenza seasons during the study. 48 The incidence of influenza virus was almost twice that of any other pathogen (except for human rhinovirus) among adults 80 years of age or older, which underscores the need for improvements in influenza-vaccine uptake and effectiveness. 49 Together, HMPV, RSV, parainfluenza viruses, coronaviruses, and adenovirus were detected in 13% of the patients, a proportion similar to those found in other PCR-based etiologic studies of pneumonia in adults (11 to 28%). 11, [37] [38] [39] [40] [41] Among adults 80 years of age or older, the incidence of RSV, parainfluenza virus, and coronavirus each was similar to that of S. pneumoniae. Our study adds to the growing evidence of the contribution of viruses to hospitalizations of adults, highlighting the usefulness of molecular methods for the detection of respiratory pathogens. 35, 47, 50, 51 The lower circulation of respiratory viruses in the 2011-2012 season (Fig. 2B) , as compared with the previous year, probably contributed to the lower incidence of pneumonia in that year and is supported by national surveillance data. 48 Bacterial pathogens were detected in 14% of the patients. S. pneumoniae was the most commonly detected bacterium, with an incidence that was almost 5 times as high among adults 65 years of age or older as among younger adults. The prevalence of pneumococcal disease of 5% that was observed in our study was lower than the 13% found by Marston et al. 9 Although both studies used sputum culture, our study included only high-quality sputum specimens for the detection of non-legionella bacteria, which probably improved specificity but decreased sensitivity. 17 Bacterial cultures, especially in the context of antimicrobial use, are insensitive. 13, 52 Urinary antigen tests for pneumococcus, which were not available for the study by Marston et al., were responsible for the majority (67%) of pneumococcal detections in our study. These tests are more sensitive than blood culture and improve the detection of nonbacteremic pneumococcal pathogens with a reported sensitivity of 70 to 80% and a specificity of more than 90%. 9, 13, 24, 52 Moreover, the indirect protection of adults as a result of pediatric pneumococcal vaccination in the United States probably contributed to the lower observed incidence of pneumococcal infection in our study than in the study by Marston et al. [4] [5] [6] [7] [8] [9] Our estimates provide an important benchmark to monitor the effect of the 2014 vaccination recommendations for the 13-valent pneumococcal conjugate vaccine in persons 65 years of age or older. 53 M. pneumoniae, L. pneumophila, and C. pneumoniae combined were detected in 4% of the adults. Marston et al. found that these pathogens were identified in 10% of patients with definite cases of pneumonia and in 44% of those with possible cases. 9 Although both our study and that of Marston et al. used urinary antigen tests for L. pneumophila, the detections of M. pneumoniae and C. pneumoniae in the study by Marston et al. relied exclusively on serologic testing, which has less specificity than the PCR assay used in our study. 9, 19, 20, [54] [55] [56] Overall S. aureus was detected in 2% of adults -a lower rate than that of S. pneumoniae or viruses. The low prevalences of Enterobacteriaceae (1%) and other gram-negative bacteria were probably due to the exclusion of patients with known risk factors for these bacteria (e.g., patients with recent hospitalization, patients with severe immunosuppression, and functionally dependent nursing home residents), which is consistent with the contemporary concept of community-acquired pneumonia. 10 S. pneumoniae, S. aureus, and Enterobacteriaceae were significantly more common among severely ill patients, accounting for 16% of the detected pathogens among patients in the ICU, as compared with 6% among patients not in the ICU.
Adenovirus
M. pneumoniae
Coronavirus
This study has limitations. First, we were not able to enroll every eligible patient; patients who were 65 years of age or older and those who were undergoing invasive mechanical ventilation were less likely to be enrolled; a greater proportion of nonenrolled patients than of enrolled patients died during hospitalization. Although the incidence calculations were adjusted for the enrollment differences according to age, market share data on severity were not available and prevented the calculations of severity-related incidence. Second, specimens were not obtained from patients who were not enrolled, and among those who were enrolled, not all specimen types were available, which could have led to underestimation or overestimation of the pathogen-specific rates, including the rates associated with severe disease and older age. Owing to ethical and feasibility considerations, invasive procedures to obtain specimens directly from the lung were not usually performed, which may have reduced the microbiologic yield. 35 However, 97% of the adults had at least one specimen type available for bacterial and viral detection.
Third, the sensitivities and specificities of the available diagnostic tests were imperfect. Although the majority of blood-culture samples were collected before the administration of antibiotics, the yield was lower in the samples collected after the administration of antibiotics. Thus, despite extensive testing, pathogens may have been missed. Moreover, molecular detection of viruses and atypical bacteria in the nasopharynx and oropharynx does not necessarily indicate causation and could represent infection that is limited to the upper respiratory tract or convalescent-phase shedding. Similarly, urinary pneumococcal antigen can be present for weeks after the onset of pneumococcal pneumonia, and recent pneumococcal vaccination can lead to false positive results. 52 Fourth, we were not able to enroll asymptomatic controls for the entire study period or in both Chicago and Nashville, so it is possible that we missed detecting pathogens that were more commonly circulating at other times or in other places. However, as in other studies, 37, 40, 46 pathogens were rarely detected among adult asymptomatic controls, which suggests that the respiratory viruses and atypical bacteria that were identified in patients with pneumonia may have contributed to disease.
Fifth, the clinical and radiographic features of pneumonia overlap with those of other syn-dromes, including chronic lung disease and congestive heart failure, such that even strict definitions may not accurately distinguish among these entities, resulting in potential misclassification. However, this situation is consistent with the real-world challenges of diagnosing pneumonia and of its subsequent management. Finally, data from our five urban hospitals (three academic, one public, and one community), although inclusive of diverse communities, may not be representative of the entire U.S. adult population or generalizable to other settings, since the circulation of respiratory pathogens varies according to geographic region, timing, and other factors.
In conclusion, the burden of communityacquired pneumonia requiring hospitalization among adults is substantial and is markedly higher among the oldest adults. Although pathogens were not detected in the majority of patients, respiratory viruses were more frequently detected than bacteria, which probably reflects the direct and indirect benefit of bacterial vaccines and relatively insensitive diagnostic tests. These data suggest that improving the coverage and effectiveness of recommended influenza and pneumococcal vaccines and developing effective vaccines and treatments for HMPV, RSV, and parainfluenza virus infection could reduce the burden of pneumonia among adults. Further development of new rapid diagnostic tests that can accurately identify and distinguish among potential pneumonia pathogens is needed. 45 The views expressed in this article are those of the authors and do not necessarily represent the views of the Centers for Disease Control and Prevention (CDC).
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